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Abstract— Potentials of soil on Free Fatty Acid from Palm kernel Oil was conducted to correlate the soil 
physiochemical parameters and heavy metals to the free fatty acid of the palm kernel oil. Five samples of 
the soil were collected from Mbano and a sample of locally made palm kernel oil. The parameters analyzed 
were pH, temperature, organic matter, moisture, electrical conductivity, heavy Metals and free fatty acid of 
the oil. Results revealed : pH (5.57 +0.49, 5.64 + 0.36, 6.14 +0.07, 5.95 +0.16, 6.79+0.47), temperature ( 
2.81 +1.06, 28.0 +0.83, 29.7 +0.57, 29.7 +0.64, 28.2 +1.06), moisture (11.0 +0.1, 18.0 +0.2, 11.9 +0.15, 12.9 
+0.25, 17.4 +0.7), electrical conductivity ( 624 +0.1, 541 +0.2, 482.6 +0.2, 477.0 +0.1, 619.6 +0.2) organic 
matter (77.7 +0.15, 94.08 +0.02, 48.6 +0.25, 68.2 +0.25, 38.8 +0.15) Ca (0.644, 3.235, 1.453, 1.015, 1.673), 
Mg (1.467, 0.892, 1.483, 1.687, 1.147), K (2.017, 3.0054, 2.013, 1.0028, 2.067), Pb (0.036, 0.017, 0.015, 
0.00, 0.0017), Fe (0.416, 0.826, 0.318, 0.316, 0.544), Na (0.656, 1.450, 0.908, 1.751, 1.956) cation exchange 
capacity (4.78, 8.58, 5.83, 5.45, 6.84) and free fatty acid (2.7 +0.15, 4.3 +0.15, 6.1 +0.1,7.6 +0.15,11.4 +0.2). 
There was a strong positive correlation between the free fatty acid of palm kernel oil and soil sodium 
concentration. The study revealed that quality of the soil has a relationship with the free fatty acid of the 
palm oil. 
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I. INTRODUCTION known as the pedosphere and which performs four 
important functions: it is a medium for plant growth; it is a 
means of water storage, supply and purification; it is a 
modifier of the atmosphere of earth: it is a habitat for 
organisms all of which, in turn, modify the soil [7,8]. Soil is 


considered to be the “skin of the earth” and interfaces with 


Palm Kernel Oil is a triglyceride typically unctuous, 
viscous, combustible, liquid at ordinary temperatures, and 
soluble in ether or alcohol but not in water [1,2]. 

The triesters of fatty acids with glycerol (1,2,3- 
trihydroxypropane) compose the class of lipids known as 


fats and oils. These triglycerides (or triacyglycerols) are 
found in both plants and animals, and compose one of the 
major food groups of our diet. Triglycerides that are solid or 
semi-solid at room temperature are classified as fats and 
oils, and occur predominantly in animals [3]. Those 
triglycerides that are liquid are called oils and originate 
chiefly in plants. Fats have a predominance of saturated 
fatty acids, and oils are composed largely of unsaturated 
acids [4]. 

Soil is the mixture of minerals, organic matter, 
gases, liquids and countless organisms that together support 
life on earth [5]. Soil is the mixture of minerals, organic 
matter, gases, liquids, and the countless organisms that 
together support life on earth. [6] Soil is a natural body 
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its lithosphere and biosphere: Soil is consists of a solid phase 
(minerals and organic matter) as well as a porous phase that 
holds gases and water ‘It is often treated as a three state 
system [9,10]. 

The chemistry of a soil determines its ability to supply 
available plant nutrients and affects its physical properties 
and the health of its microbial population [11]. 

The aim of the research was to correlate the 
physiochemical parameters and heavy metals in soil to free 
fatty acid in palm kernel oil in other to determine the trend 
To achieve this aim specific objectives were to determine 
the physiochemical parameters of soil and oil, determine the 
some heavy metals content in soil and determine the 
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relationship between physicochemical parameters and 
metals in soil and free fatty acid in palm kernel oil. 


I. MATERIALS AND METHOD 


2.1 Sampling Sites 
Sampling sites were selected to reflect spatial variability 
and quality of the soil associated with sampling zone. The 
locations includes- Anara — Sample A, Obollo —Sample B, 
Amauzari — Sample C. Osuachara - Sample D, Oka — 
Sample E 

2.2 Sampling and Pretreatment 
Twenty five samples were collected from the five different 
sites. At each site a W shaped line was drawn on a 2x2m 
surface along which five samples were collected from each 
Of the top soil area and mixed homogeneously to form one 
sample [12, 13]. The soil samples were taken from 0-15cm 
depth. The soil samples were five samples in number and 
stored in a polyethene bag and taken to Imo State University 
laboratory for analysis. 

2.3 Visual Classification 
The colour was determined with the naked eyes and a 
standard munsell colour chart. The soil sample was placed 
on a paper to detect the moisture effect. This was 
determined using a soil textural triangle. Texture Group was 
determined by felling the soil sample by hand while Odour 
was was determined by smelling the sample. Evidence of 
Contamination was assessed when The soil sample was 
placed on a white cloth, which it stained [14,15,16]. 

2.4 Quality assurance, Chemicals and reagent 
All instrument used in this work were in good working 
condition and were used according to manufacturer’s 
instructions. Aqua-Regia, Hydrochloric acid (HCl), Nitric 
acid (HNO3), Ethanol,Sodium hydroxide (NaOH) (0.1N), 
Phenolphthalein indicator, Potassium Chloride (KCl), 
Distilled water 

2.5 Determination of Physicochemical properties 
50g of soil sample was weighed and poured into an empty, 
clean quart jar. Water was added in the quart jar and left 
overnight. The sand, silt, and clay was examined and the soil 
texture was determined using a soil textural triangle [17]. 
Reaction With Hydrochloric Acid was done as follows: 
10m1 Of Hydrochloric Acid and 30ml of Distilled water was 
measured. Dilute the Hydochloric Acid by pouring it into 
distilled water. 5g of of soil sample was weighed. Place each 
sample on a filter paper; the Hydrochloric Acid was 
gradually poured on the soil sample to examine the reaction. 
The P" values of the soil samples were determined using a 
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Jenway 3510 PH meter. The pH was determined by dipping 
the electrode into a 2:1 soil/water mixture that had been 
stirred and allowed to equilibrate for about one hour. The 
pH meter was calibrated with pH 7.0 and pH 4.0 buffer 
before use. Electrical conductivity was determined using 
Hanna (HI 8733).Half of a cup of the dried soil was 
measured and poured into a beaker, half of a cup of distilled 
water was added into the beaker and the mixture was stirred 
gently for 30 seconds. The soil - water suspension was 
allowed to stand for 30minutes and stirred again [18, 19, 
20]. 

The probe of the Electrical conductivity was 
inserted into the soil solution and swirled gently in the soil 
— water extract .Conductivity was determined after about 30 
— 60 seconds when the Electrical conductivity meter has 
stabilized [21]The Electrical conductivity meter was 
calibrated with potassium chloride solution before use. 

The temperature of the soil sample was determined using a 
Gardener soil thermometer. The soil sample was poured into 
a quart jar and the thermometer bulb was inserted into a 3cm 
depth of the soil inside the quart jar [22]. 

An Oven (Drier Box DHG-9053) was use in drying the soil 
sample.10g of the soil sample was weighed into a porcelain 
dish and dried in the oven for 24 hours at 106°C. The dry 
sample was reweighed to determine how much water was 
lost. 

The organic matter of the soil sample was 
determined by recording the mass of an empty, clean and 
dry porcelain dish (MP). The entire oven — dried test 
specimen from the moisture content experiment was placed 
in the porcelain dish and the mass recorded (MPDS). The 
dish was placed in a muffle furnance at 248°C and left in the 
furnance overnight. The porcelain dish was removed using 
the tongs and alow to cool to room temperature .The mass 
of the dish containing the ash (burned soil) was recorded 
[23,24]. 

2.6 Determination Of Heavy Metals 
The heavy metals was determined using Atomic Absorption 
Spectrometer(VARIAN AA 240 ). 1g of the soil sample was 
weighed into a test tube and digested with 24ml of Aqua 
Regia then left for two days. The mixture was filtered and 
the filtrate was poured into a sampling container, then 
analyzed in the Atomic Absorption Spectometer [25]. 


2.7 Sampling and Analysis of Palm Oil 
Sampling Sites 
Three oil samples were bought from Orie Amaraku. The oil 
was checked for adulteration. 
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ANARA(A) OBOLLO(B) 


Figs 1. : Photos of soil samples on paper 


2.7.1 Physiochemical Parameters of oil 

2.7.2 Determination of Free Fatty Acid 

5g of palm kernel oil was measured into a clean dry conical 
flask and make up to 100 cm3 of ethanol, and then heat on 
water bath till boiling. 2 -3 drops of phenolphthalein was 
added and the mixture was mixed properly. Titrate with 0.1 
m NaoH, shake vigorously till the appearance of a pink 
colour, which persist for at least 30 seconds. Measure the 
volume of sodium hydroxide titrant [26, 27]. 


AMAUZARI(C) 
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OSUACHARA(D) OKA(E) 


2.7.3 Determination of Moisture Content 

The moisture content was determined using oven (drier box 
dhg -9053). 10g of palm kernel oil was weighed and poured 
into a known weight of an empty beaker. The oil in the 
beaker was kept in an oven for 6 hours and maintained at a 
temperature of 105°C, allowed to cool and reweighed to a 
constant weight [28]. 


Table 1: Visual Characteristics of soil samples from Mbano 


Classification AnaraA) Obollo (B) Amauzari( C) Osuachara (D) Oka(E) 
Colour Brown Dark brown Brown Brown Black 
Moisture Moist Moist Moist Moist Moist 
description 

Texture group Medium Medium Medium Medium Medium 
Texture class Sandy loam Sandy loam Sandy loam Sandy loam Sandy loam 
Odour Organic Organic Organic Organic Organic 
Evidence of Staining Staining Staining Staining Staining 
contamination 

Other Presence of Presence of living Presence of Presence of Presence of 


comment 


living organism 


and debris 


organism and 
debris 


living organism 


and debris and debris 


living organism 


living organism 
and debris 


2.7.3 Determination of Viscosity 

The viscosity of the oil was determined using a Rotary 
viscometer Test method. The oil was placed in a beaker, 
housed in an insulated block at a fixed temperature. A metal 
spindle is then rotated in the oil at a fixed rpm, and the 
torque required to rotate the spindle is measured [29]. 

2.7.4 Determination of pH 

The pH value of the oil was determined using a Jenway 
3510 pH meter. The oil was poured into a 200ml beaker; 
the pH electrode was dipped into the oil. The pH meter was 
calibrated with pH 7.0 and 4.0 buffer before use [30]. 
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Il. RESULTS AND DISCUSSION 


The results of the visual characteristics, physiochemical 
parameters, heavy metals of the soil were summarize in 
table 3.1, 3.2, and 3.3 

3.1 Visual Characteristics 

In tablel, sample A,B,C,D has a Dark Brown, Brown colour 
and sample E a Black colour which indicates the presence 
of organic matter and decaying vegetation which make the 
soil sample fertile and stores plant nutrients.The texture 
class and group which is a medium sandy loam soil and has 
organic odour because of the presence of organic matter in 
it [31,32]. 
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3.2 Physiochemical Parameters 


From graph 1 in figure 2: There is a strong positive 
correlation between the free fatty acid of palm kernel oil and 
the pH, (R =0.9466) and (R*= 0.8961) .As the pH increases 
the free fatty acid increases , the relationship between the 
variable is strong. From graph 2 in figure 3, There is a 
positive correlation between the free fatty acid of palm 
kernel oil and the temperature, (R =0.1776) and ( 
R’=0.0315), but the relationship between the variables is 
weak. The temperature don’t have much effect on the free 
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fatty acid. From graph 3 in figure 4: A positive correlation 
exist between the free fatty acid of palm kernel oil and the 


moisture content,(R= 0.4391) and (R7=0.1928), the 
relationship between the variables is weak. The moisture 
content has little effect on the free fatty acid. From graph 4 
in figure 5: There is a positive correlation between the free 
fatty acid of palm kernel oil and the Electrical conductivity, 
but has a weak relationship. (R=0.0261) and 
(R?=0.0007).Electrical conductivity has little effect on the 
free fatty acid . 


Table 2: Physiochemical parameters and OM 


SAMPLES Textur pH Temp (°C) Moist (%) EC (uS) RXN OM (%) 

e with HCI 
Anara (A) Sandy 5.57 +0.49 28.1+1.06 11.0+0.1 624+0.1 Strong 77.740.15 
Obollo (B) Sandy 5.64+0.36 28.0+0.83 18.0402 541.5+0.2 S.strong 94.08+0.02 
Amauzari (C) Sandy 6.14 +0.07 29.7 +0.57 11.90.15 482.6 +0.2 S.strong 48.60.25 
Osuachara (D) Sandy 5.95 +0.16 29.7 +0.64 12.9 +0.25 477.0 0.1 Strong 68.20.25 
Oka (E) Sandy 6.79 +0.47 28.2 +1.06 17.4 +0.7 619.6 +0.2 Strong 38.80.15 


From graph 5 in figure 6: This has a moderate negative 
correlation between the free fatty acid of palm kernel oil and 
the organic matter,(R =-0.6379) and (R?°=0.4069) which 
means that as the free fatty acid increases the organic matter 
decrease or as the organic matter increases the free fatty acid 
decreases. Organic matter has an opposite effect on the free 
fatty acid [33, 34, 35, 36, 37]. 


3.3 Heavy Metals in Soil 

From graph 6 in figure 7: There is a positive correlation 
coefficient between the free fatty acid of palm kernel oil and 
the cation exchange capacity, (R=0.09) and (R? =0.008 1). It 
has a weak relationship. The cation exchange capacity has 
little effect on the free fatty acid .From graph 7 in figure 8: 
There is a negative correlation between the free fatty acid of 
palm kernel oil and calcium, (R= -0.0139) and (R*= 0.0002). 
It has a weak relationship. Calcium has little effect on free 
fatty acid. From graph 8 in figure 9: A negative correlation 
exist between the free fatty acid of palm kernel oil and 
magnesium(R=-0.0316) and (R? = 0.001).It has a weak 


relationship. Magnesium has a little effect on the free fatty 
acid. From graph 9 in figure 10: A negative correlation exist 
between the free fatty acid of palm kernel oil and 
potassium,(R =-0.3217) and (R? =0.1035). It has a weak 
relationship. Potassium has a little effect on the free fatty 
acid. From graph 10 in figure 11: A moderate negative 
correlation exist between the free fatty acid of palm kernel 
oil and lead, (R=-0.7325) and (R?= 0.5366).As free fatty 
acid increases it goes with a decrease in lead, or as lead 
increases the free fatty acid decreases. From graph 11 in 
figure 12: There is a negative correlation between the free 
fatty acid of palm kernel oil and iron,(R=-0.1503) and (R*= 
0.0226).it has a weak relationship. iron has a little effect on 
the free fatty acid. From graph 12 in figure 13: There is a 
strong positive correlation between the free fatty acid of 
palm kernel oil and sodium, (R=0.8119) and (R= 
0.6592).This means as the sodium increases it goes with an 
increase in the free fatty acid and as the free fatty acid 
increase it goes with an increase in sodium [37,38,39]. 


Table 3: Mean Heavy Metals concentrations (mg/kg) of soils at various locations 


SAMPLES Ca Mg K Pb Fe Na CEC 
ANARA (A) 0.644 1.467 2.017 0.036 0.416 0.656 4.78 
OBOLLO(B) 3.235 0.892 3.0054 0.017 0.826 1.450 8.58 

AMAUZARI (C) 1.453 1.483 2.013 0.015 0.318 0.908 5.83 

OSUACHARA 1.015 1.687 1.0028 0.00 0.136 1.751 5.45 
(D) 

OKA (E) 1.673 1.147 2.067 0.017 0.544 1.956 6.84 
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Fig 13-16: Correlation of metals in soil and free fatty acid 
in oil 


3.5 Physiochemical parameters of oil 


The pH (5.28 0.01) is indicative of the presence of fatty 
acids in the oil, which is a good indicator of the 
advantageous utilization of the oil as a result of the presence 
of free fatty acids [40]. 


IV. CONCLUSION 


The physiochemical parameters and heavy metals of the soil 
showed a positive and negative correlation with the free 
fatty acid of the palm oil. Therefore soil quality have an 
effect on the free fatty acid of the oil. However there was no 
defined trend of the relationship between soil and oil 
properties. 


REFERENCE 

[1] Economic Research Service (1995-2011). Oil crops outlook. 
United States Department of Agriculture. Retrieved 
2011.11.19 http: // www. Chemistry explain .com/ Dieta? 
Fats and fatty acids. Html. 

[2] Solomons organic chemistry, fifth Edition, John Wiley and 
sons,inc.Newyork, chichester Brisbane. Toronto Singapore. 
About the Malaysian palm oil industry Malaysian palm oil 
board. Retrieved 2017.10.13. 

[3] Apakama, N. C., Verla, E. N., Ihenetu, S. C. andVerla, A. W. 
(2017). Physicochemical properties and selected metals in 
soils of Ohaji-Egbema, Imo State, Nigeria. World News of 
Natural Sciences. 10 (2017) 39-48 

[4] Joshua Tickell,KarisTickell (2000) from the fryer to the fuel 
tank: the complete guide to using vegetable oils as an 
alternative fuel 3"! Edition. Biodiesel America p.51 

[5] Pankow, J.S. Duncan,B.B. Schmidt, M.I.Schmidt, 
C.M.Ballantyne, D.J. Couper, R.C. Hoogeveen and 
Golden,S.H.(2004) ‘’Fasting plasma free fatty Acids and 
Risk of Type 2 Diabetes,’ The Artherosclerosis Risk in 
communities study. Diabetes care, Vol. 27, No. 1, pp.77-82. 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab. 75.2 


International Journal of Environment, Agriculture and Biotechnology, 7(5)-2022 


[6] Oliver, M.F.(2006) Sudden cardiac Death: The lost fatty Acid 
Hypothesis, QJM: An international Journal of Medicine, 
Vol.99,No.10, pp.701-709. 

[7] Chesworth,ward,(2008)Edition. Encyclopedia of soil 
science.Dordrech, Netherlands: springer.xxiv. ISBN 1-4020- 
3994-8. 

[8] Voroney, R.P. (2006)The soil Habitat inpaul, Eldor A. Soil 
microbiology, Ecology and Biochemistry. ISBN 1-0-12- 
546807-5. 

[9] Danoff. Burg, Janes A. The terrestrial influence: Geology and 
sons. Earth institute centre for Environmental sustainability. 
Coloumbic University. Retrieved 27 july 2014. 

[10] Taylor , SA; Ashcroft, G.L. (1972) Physical Edaphology. 

[11] Mccarthy, David, F. (1982) Essentials of soil mechanics and 
foundations. Basic Geotechnics2™ Edition. Reston Virginia. 
Reston puiblishing. ISBN 9780835917810. 

[12] Amundsen, Ronald. Son preservation and the future of 
pedology (PDF). Faculty of Natural Resources. Prince 
Songkla University. Retrieved 8 june 2006. 

[13] Singh MR. (2007). Impurities. Heavy metals: IR prospective 
Last cited on 2009 Aug 10.] A dictionary of chemistry. 
Oxford university press.Oxfordreference [online]. Oxford 
university press.(2000) 

[14] Mcintyre T.(2003). Phytoremediation of heavy metals from 
soils. Adv Biochem Eng Biotechnol.78:97-123. 

[15] Chronopoulos, J. Haidouti,C.chronopoulou,A. massas, I. 
(1997) Variations in plant and soil lead and cadium content 
in urban parts in Athens, Greece.sci Total Environ. 196;91-8. 

[16] Lane, TW.Mord, FM. (2009). A biological function for 
cadium in marine diatoms. ProcNatlAcadsci...., ( Last cited 
on 2009 Aug 13).PP.462. 

[17] Http://www. Pnas . org\Cgi\pmid 

[18] Lane, TW .Saito, MA. George, GN. Pickering, IJ.Prince, RC. 
Mord, FM. Biochemistry (2005) A cadmium enzyme from a 
marine diatom. Nature.;435 :42 

[19] Long, XX. Yang, XE. NIWZ.(2002) Current status and 
prospective phytoremediation of heavy metal polluted soils. J 
APPL ECOL.; 13:757-62. 

[20] Halim,M.Conte, P. Piccolo, A.(2002) Potentials availability 
of heavy metals to phytoextraction from contaminated soils 
induced by exogenous limic substances chemosphere. 52:26- 
75 

[21] Long ,xx. Yang, Xe.NiWZ(2002) Current status and 
prospective on phytoremedation of heavy metals polluted 
soils. J APPL ECOL; 13: 757- 62. 

[22] Klaassen, CD. Goodman and Gilman’s: (2001) 10" edition. 
the pharmacological basis of therapeutics, Newyork: 
McGraw-Hill professional. Harvey metals and heavy metal 
antagonist; PP 1851-76 

[23] Reilly C. 2"™ned, (1991) Metal contamination of food. 
London and Newyork; Elseveir science publishers Lt. 

[24] Http://www.Amazon.com/casaret-doull-toxicolog-science- 
poison. (Last cited on 2010 may 20) 

[25] S. Khan, Q. Cao, Y.M.Zheng, Y.Z.Huand, and Zhu, Y.G. 
(2008) Health risk ofr heavy metals in contaminated soils and 
food crops irrigated with waste water in Beijing, china, 
environmental pollution Vol 152, no.3, pp. 686-690 


14 


Igbozuruike International Journal of Environment, Agriculture and Biotechnology, 7(5)-2022 


[26] Zhang, M.K. Liu, Z.Y and Wang, H.(2010) Use of single 
extraction methods to predict bio availability of heavy metals 
in polluted soils to rice, communications in soil science and 
oplant analysis, Vol. 41, no. 7, pp. 820-831. 

[27] Kabata-Pendias, A. and Pendias, H. (2001) Trace metals in 
soils and plants 

[28] Pierzynski, G.M. sins, J.T and Vance, G.F.(2000) Soils and 
environmental quality, CRC Press, London, UK, 2P Edition 

[29] Damore, J.J. Al-abet, S.R. Scheckel, K.G. and Ryan, J.A. 
(2005) Method for speciation of metals in soils: a review, 
journal of environmental quality, Vol. 34, no -5, pp.1707- 
1745. 

[30] Erakhrumen, A. and Agbontalor, A.(2007) Review 
phytoremediation: an environmentally sound technology for 
pollution prevention, control and remediation in developing 
countries.” Educational Research and Review, Vol. 2, 
no.7,pp.151-156 

[31] Enyoh Christian Ebere, Ihionu Ezechiel Amarachukwu, 
Verla Andrew Wirnkor, Ebosie Patricia Ngozi (2017). 
Physicochemical Parameter Of Palm Oil And Soil From 
Ihube Community, Okigwe, Imo State Nigeria. International 
Letters Of Natural Sciences, 62, 35-43 

[32] U.S.Department of energy, plume focus area,( December, 
1994) Mechanism of plants uptake, translocation, and storage 
of toxic elements summary report of a workshop on 
phytoremediation research needs. 

[33] Salido, A.L. Hasty, K.L. LIM, J.M. and Butcher, D.J. (2003) 
Phytoremediation of arsenic and lead in conterminated soil 
using Chinese brake ferns (pterisvittata) and Indian mustard 
(Brassica Juncea), international journal of phytoremediation, 
Vol.5, no.2, pp.89-103. 

[34] Erdei, L.G.Mezosi, I.Mecs, I.Vass, F.Foglein, and Bulik, L. 
(2005) Phytoremediation as a program for decontermination 
of heavy metal polluted environment, in proceedings of the 
8 Hungarian congress on plant physiology and the 6" 
Hungarian conference on photosynthesis. 

[35] Erdei, L.G.Mezosi, I-Mecs, I.Vass, L.Foglein, and 
L.Bulik,(2005)Phytormediation as a _ program for 
decontermination of heavy metals polluted environments, 
acta biologics Szegedionsis, Vol-49, no. 1-2,pp. 75-76. 

[36] Ibeanusi, V.M . ‘Denise Antonia. Grab in Collaboration 
withlarry, Jensen Stephenostrodka, (2004) Environmental 
protection agency. Radionuclide Biological Remediation 
Resource Guide u.s.Environmental protection Agency.’ 

[37] ASTM D 2974 — Standard test methods for moisture, ash, and 
organic matter of peat and organic soils. 

[38] Piper, CS (1942) Soil and plant analyses University of 
Adelaide. 

[39] Rayment, GC and Higginson, FR (1992)Australian lab 
Handbook of soil and water chemical methods, Melbourne, 
Inkata press (Australian soil and land survey Handbooks, vol 
3) 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab. 75.2 15 


